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Description 



ROTARY WORK LIFTER AND WORKING MACHINE 



5 Technical Field 

The present invention relates to a rotary work lifter 
facilitating to carry in and out a work onto and from a working 
table of a working machine and a working machine having a rotary 
work lifter enabling to prevent a rotary work lifter, a working 
10 table or the like from being destructed by pinching a work piece 
between the rotary work lifter and the working table or the 
like in rotating the rotary work lifter. 

Background Art 

15 There is a laser working machine of a background art having 

a work lifter of a rotary type at a working table and constituted 
to be easily able to carry in or carry out a work onto and from 
the working table by rotating the rotary work lifter by 180® 
as disclosed in JP-UM-B-6-233 . 

20 Meanwhile, when a work piece or the like is pinched between 

a rotary work lifter and a working table or the like in the 
midst of rotating the rotary work lifter, the rotary work lifter 
cannot be rotated further and rotation thereof is interrupted, 
and when a drive source of the rotary work lifter continues 

25 generating a torque as it is, the rotary work lifter or the 
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working table is-f inally destructed. Therefore, when rotation 
of the rotary work lifter is interrupted/ the rotation needs 
to stop. 

However, the rotary work lifter of the background art 
5 is not provided with means for detecting a situation of rotating 
the rotary work lifter at any time and therefore, even when 
rotation of the rotary work lifter is interrupted by pinching 
a work piece or the like, the interruption cannot be detected. 
Therefore, there poses a problem that since a position of 

10 finishing the rotation is not reached, the drive source continues 
generating the torque, and the rotary work lifter, the working 
table or the like is finally destructed. 

The invention has been carried out in order to resolve 
the problem to provide a rotary work lifter having a protecting 

15 apparatus for preventing a rotary work lifter, a working table 
or the like f rombeing destructed by pinching a work piece between 
the rotary work lifter and the working table or the like and 
a working machine having the rotary work lifter. 

20 Disclosure of the Invention 

In a rotary work lifter and a working machine according 
to the invention, means for detecting a situation of rotating 
the rotary work lifter at any time, and a determining portion 
for determining whether operation of the rotary work lifter 

25 is to be stopped by a state of rotating the rotary work lifter 
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detected by the means are provided. The detecting means detects 
a value indicating the situation of rotating the rotary work 
lifter and outputs a detected value to the determining portion 
and when the determining portion determines that there is a 
5 possibility of interrupting rotation of the rotary work lifter 
by the inputted value, the determining port ion transmits a signal 
to a control apparatus of the rotary work lifter to stop operating 
the rotary work lifter to thereby stop the rotary work lifter. 
According to the invention, by providing the detecting 

10 means and the determining portion, when rotation of the rotary 
work lifter is interrupted by pinching a work piece or the like 
between the rotary work lifter and a working table or the like, 
or when rotation is interrupted by some other influence, 
operation of the rotary work lifter can be stopped. Therefore, 

15 the rotary work lifter, the working table or the like can be 
prevented from being destructed finally, by continuing to 
generate a torque by a drive source even after interruption 
of rotation of the rotary work lifter as in the background art. 
Further, since destruction of the rotary work lifter, the working 

20 table or the like can be prevented and therefore, expense or 
time required for repairing in destruction can be reduced and 
reduction in operational cost and promotion of working 
efficiency of the working machine can be realized. 

25 Brief Description of the Drawings 
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Fig. 1 is a perspective view showing a laser workingmachine 
having a rotary work lifter showing Embodiment 1 of the 
invention. 

Fig. 2 is a partial plane view showing a working table 
5 of a laser working machine having the rotary work lifter showing 
Embodiment 1 of the invention. 

Figs.3A to 3D illustrate views enlarging an A-A section 
of Fig. 2 showing the rotary work lifter showing Embodiment 1 
of the invention. 
10 . Fig. 4 is a front enlarged view viewing in B arrow mark 

direction of Fig. 2 showing the rotary work lifter showing 
Embodiment 1 of the invention. 

Fig. 5 is a side enlarged view viewing in C arrow mark 
direction of Fig. 2 showing the rotary work lifter showing 
15 Embodiment 1 of the invention. 

Fig. 6 is a block diagram showing a control portion of 
the rotary work lifter showing Embodiment 1 of the invention. 

Fig . 7 is a flowchart showing a control method of the rotary 
work lifter showing Embodiment 1 of the invention. 
20 Fig. 8 is a front enlarged view showing a rotary work lifter 

showing Embodiment 2 of the invention viewed in a direction 
the same as that of Fig. 4. 

Fig. 9 is a side enlarged view showing the rotary work 
lifter showing Embodiment 2 of the invention viewed in a 
25 direction the same as that of Fig. 5. 
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Fig. 10 is a block diagram showing a control portion of 
the rotary work lifter showing Embodiment 2 of the invention. 

Fig. 11 is a flowchart showing a control method of the 
rotary work lifter showing Embodiment 2 of the invention. 
5 Fig. 12 is a front enlarged view showing a rotary work 

lifter showing Embodiment 3 of the invention viewed in a 
direction the same as that of Fig. 4. 

Fig. 13 is a side enlarged view showing the rotary work 
lifter showing Embodiment 3 of the invention viewed in a 
10 direction the same as that of Fig. 5, 

Fig. 14 is a block diagram showing a control portion of 
the rotary work lifter showing Embodiment 3 of the invention. 

Fig. 15 is a flowchart showing a control method of the 
rotary work lifter showing Embodiment 3 of the invention. 
15 Fig. 16 is a flowchart showing a control method of a rotary 

work lifter showing Embodiment 4 of the invention. 

Best Mode for Carrying Out the Invention 
Embodiment 1 

20 - Fig. 1 is a perspective view showing a plate material laser 

working machine attached with a rotary work lifter according 
to Embodiment 1 for embodying the invention. Fig. 2 is a plane 
view viewing a working table 2 of theplatematerial laser working 
machine of Fig. 1 from above . Figs . 3A to 3D illustrate sectional 

25 views taken along a line A-A of Fig. 2 and enlarged views of 
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a rotary work lifter 1 showing a single piece of rotary work 
lifter. Fig.3Ais a view showing a position of the rotary work 
lifter when a work is carried in or carried out, Fig.3B is a 
view showing a position of the rotary work lifter in working, 
5 Fig.3C is a view showing a position at a time point at which 
the rotary work lifter lifts a work, and Fig. 3D is a view in 
which a work piece is pinched between the rotary work lifter 
and a working table and rotation thereof is interrupted. Fig. 4 
is a view viewing Fig. 2 in a B arrow mark direction and is a 

10 view viewing means for detecting a rotating situation of the 
rotary work lifter from a front side. Fig. 5 is a view viewing 
Fig. 2 in a C arrow mark direction and is a view viewing the 
means for detecting the rotating situation of the rotary work 
lifter from a side direction. Fig. 6 is a block diagram showing 

15 a control portion of the rotary work lifter according to 
Embodiment 1 for embodying the invention. Fig. 7 is a flowchart 
showing a control method of the control portion. 

In Fig. 1, a work 3 is mounted on the working table 2 having 
the rotary work lifter 1 constituting a structure facilitating 

20 to carry in and carry out the work 3. The rotary work lifter 
1 is provided with a protecting apparatus. A laser beam 
outputted from an oscillator 4 is guided to a work head 5 and 
is irradiated from the work head 5 to the work 3. The work 
table 2 can be moved in X-axis direction shown in Fig.l in a 

.25 horizontal plane and the work head 5 can be moved in two axes 
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directions of Y axis andZ axis shown in Fig . 1 in a plane orthogonal 
to an axis of moving the working table 2. The work 3 can be 
worked in a desired shape by the laser beam irradiated from 
the work head 5 by relatively moving the working table 2 and 
5 the work head 5. 

Although in Fig.l/ an explanation has been given of 
Embodiment 1 according to the invention by showing the laser 
working machine having the rotary work lifter 1, the protecting 
apparatus of the rotary work lifter shown in Embodiment 1 is 

10 applicable to a plate material working machine of a gas cutting 
machine, a plasma cutting machine or the like when the plate 
material working machine is provided with the rotary work lifter 
to achieve a similar effect. 

In Fig. 2, a plurality of pieces of the rotary work lifters 

15 1 are attached to the working table 2 in parallel. Rotating 
shafts of the respective rotary work lifters 1 are attached 
with sprockets 6 and the sprockets 6 of the rotary work lifters 
1 contiguous to each other are connected to each other by chains 
7. Further, the sprocket 6 of the rotary work lifter 1 which 

20 is most proximate to a rotary actuator 8 constituting a drive 
source of the rotary work lifter 1 is connected to a sprocket 
9 attached to a rotating shaft of the rotary actuator 8 by the 
chain 7 . By connecting the rotary actuator 8 and the respective 
rotary work lifters 1 by the chains 7 via the sprockets 9, 6 

25 in this way, the respective rotary work lifters 1 can be rotated 
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in the same direction simultaneously with rotation of the rotary 
actuator 8. Here, the rotary actuator 8 constitutes a power 
source by fluid pressure of air pressure or oil pressure. 

In Figs.SA to 3D, the rotary work lifter 1 is provided 
5 with a single piece of a shaft 10 held rotatably, a plurality 
of spacers 11 fixed to the shaft 10, extended orthogonally to 
the shaft 10, and aligned in parallel with each other and 
substantially at equal intervals, a free bearing 12 facilitating 
to move the work installed at front ends of the respective spacers 
10 11, and the shaft 10 is rotated by the rotary actuator 8 shown 
in Fig. 2. 

When the work is worked, according to the rotary work 
lifter, as shown by Fig.3B, the shaft 10 is rotated such that 
the spacer 11 and the free bearing 12 are directed downwardly 

15 ina vertical direction. Since the spacer 11 and the freebearing 
12 are directed downwardly, the work 3 is mounted on a- work- 
support 14 attached to a work support attaching plate 13 and 
working is carried out. 

When the work is carried out or carried in onto or from 

20 the working table, according to the rotary work lifter, as shown 
by Fig.3A, the shaft 10 is rotated from a position of Fig.3B 

by about 180° such that the spacer 11 and the free bearing 12 
are substantially directed upwardly in the vertical line. 
Since the spacer 11 and the freebearing 12 are directed upwardly 
25 and the free bearing 12 is projected upward from an upper end 
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of the work support 14, the work 3 is mounted onto the free 
bearing 12. Thereby, the work 3 is facilitated to carry out 
and in from and to the working table. 

When working is finished and the work 3 is carried out, 

5 the rotary work lifter 1 is rotated by 180° from a position 
shown in Fig .38 to a position shown in Fig.3A. Here, as shown 
in Fig. 3D when a work piece 15 is disposed at the work support 
attaching plate 13 or on a chute 16 of the working table 2, 
the rotary work lifter 1 pinches the work piece 15 between the 

10 free bearing 12 or the spacer 11 and the work support attaching 
plate 13 or the chute 16 and cannot be rotated from a position 
shown in Fig. 3D. At this occasion, when operation of the rotary 
work lifter 1 cannot be stopped at once, the rotary actuator 
8 continues generating the torque to finally destruct the rotary 

15 work lifter 2 or the work support attaching plate 13 or the 
chute 16 of the working table 2. 

In Fig. 4 and Fig. 5, a proximity sensor dog 18 and a light 
chopper 19 are attached to a rotating shaft 17 of the rotary 
actuator 8 on a side opposed to a side of being attached with 

20 the sprocket 9 and is rotated along with the rotating shaft 
17. At a surrounding of the proximity sensor dog 18, three 
proximity sensors 20a, 20b, 20c are arranged on a circumference 
of rotating the proximity sensor dog 18 and at positions shown 
below. The first proximity sensor 20a is arranged at a position 

25 to be proximate to the proximity sensor dog 18 when the rotary 
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work lifter 1 is disposed at the position of Fig.3A, the second 
proximity sensor 20b is arranged at a position proximate to 
the proximity sensor dog 18 when the rotary work lifter 1 is 
disposed at the position of Fig.3B, and the third proximity 
5 sensor 20c is disposed at a position proximate to the proximity 
sensor dog 18 when the rotary work lifter 1 is disposed at a 
position of fig.3C. Further, a. photo sensor 21 is arranged 
to fix a position thereof to interpose the light chopper 19. 

By such a constitution, as an effect of the proximity 

10 sensors 20a, 20b, 20c, when the rotary work lifter 1 is disposed 
at the position of carrying out and in the work shown in Fig.SA, 
the proximity sensor dog 18 becomes proximate to the proximity 
sensor 20a, when the rotary work lifter 1 is disposed at the 
position in working shown in Fig.BB, the proximity sensor dog 

15 18 becomes proximate to the proximity sensor 20b, and when the 
rotary work lifter 1 is disposed at the position of being brought 
into contact with the work 3 shown in Fig.3C, the proximity 
sensor dog 18 becomes proximate to the proximity sensor 20c 
and therefore, the respective positions can be detected. As 

20 the effect of the light chopper 19, when the rotating shaft 
17 is rotated, that is, when the rotary work lifter 1 is rotated, 
by repeating ON/OFF by the photo sensor 21, a pulse is outputted 
from the photo sensor 21 . Further, a time interval of the output 
pulse of the photo sensor 21 is a time period necessary for 

25 rotating the rotating shaft 3 by a constant angle and therefore. 
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the time interval indicates a speed of rotation and therefore, 
rotational speed of whether the rotary work lifter 1 is rotated 
or stopped can be detected at any time from the time interval 
of the output pulse of the photo sensor 21. 
5 As described above, by detecting a situation of rotating 

the rotary work lifter 1 at any time by the photo sensor 21 
while detecting the position of the rotary work lifter 1 by 
the proximity sensors 20a, 20b, 20c, when interruption of 
rotation of the rotary actuator 8 is detected from the time 

10 interval of the output pulse of the photo sensor 21 until the 
rotary work lifter 1 reaches the position at which the work 
3 starts rising shown in Fig.3C from the position in working 
shown in Fig.BB, that is, until the proximity sensor 18 shown 
in Fig, 4 reaches the position of the proximity sensor 20c from 

15 the position of the proximity sensor 20b, there is a high 
possibility of interrupting rotation of the rotary work lifter 
1 by pinching the work piece between the free bearing Ic or 
the spacer Id and the work support attaching plate 13 or the 
chute 16. Therefore, in such a case, operation of the rotary 

20 work lifter 1 needs to stop at an early stage. 

Meanwhile, although interruption of rotation of the 
rotary work lifter 1 by pinching the work piece does not occur 
until the rotary work lifter 1 reaches the position of carrying 
out and in the work 3 shown in Fig.3A from the position at which 

25 the work 3 starts rising shown in Fig.3C, it is not that the 



occurrence of interruption is not brought about at all . Further, 
there is also conceivable a situation in which an unexpected 
weight is applied to the work 3 after having been finished to 
work and the work 3 cannot be lifted by the rotary work lifter 
5 1. Therefore, it is preferable to detect the situation of 
rotating the rotary work lifter 1 at any time also during a 
time period in which the rotary work lifter 1 is rotated from 
the position of lifting the work 3 to the position of carrying 
out and in the work 3, 

10 Next, an explanation will be given of operation and control 

of the rotary work lifter according to Embodiment 1 for embodying 
the invention. 

In Fig. 6, the rotary actuator 8 constituting the drive 
source of the rotary work lifter 1 is controlled to operate 

15 to start rotating, stop rotating, or switch a rotational 
direction by a drive source control portion 30. There are a 
case in which the operational control is carried out manually 
by an operator and a case in which the operational control is 
automatically carried out by a program inputted to the drive 

20 source control portion 30. The rotary actuator 8 is connected 
with the above-described combination of the light chopper 19 
and the photo sensor 21 and a pulse period measuring instrument 
32 for calculating the time interval of the outputted pulse 
from the photo sensor 21 as speed detectingmeans 31 for detecting 

25 the rotational speed of the rotary actuator 8. An output of 



the pulse period measuring apparatus 32 is transmitted to a 
speed determining portion 33 to compare with a set value at 
the speed determining portion 33, thereby, it is determined 
whether rotation of the rotary work lifter is to be stopped, 
5 and when the rotation is stopped, a stop signal is transmitted 
to the drive source control portion 30 and the drive source 
control portion 30 stops rotating the rotary actuator. 
Meanwhile, the rotary actuator 8 is connected with the 
above-described proximity sensors 20a, 20b, 20c as position 

10 detecting means 34 for detecting a rotational position of the 
rotary actuator 8. An output of the proximity sensors 20a, 
20b, 20c is transmitted to a position determining portion 35 
to determine whether the rotary work lifter reaches a 
predetermined position at the position determining portion 35, 

15 and when the rotary work lifter reaches the predetermined 
position, the stop signal is transmitted to the drive source 
control portion 30 and the drive source control portion 30 stops 
rotating the rotary actuator. 

Next, a flow of operation will be explained. In Fig. 7, 

20 after working has been finished, in order to rotate the rotary 
work lifter 1 to the position of carrying in and out the work 
to be able to carry out the work, the drive source control portion 
30 rotates the rotary actuator 8 by an input of the operator 
or automatic operation by the program (step SOI) . The position 

25 determining portion 35 determines whether the rotary work lifter 
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1 reaches the position of lifting the work by whether the 
proximity sensor 20c constituting the position detecting means 
31 for detecting the position of lifting the work is made ON 
(step S02) . During a time period until the proximity sensor 
5 20c is made ON at step S02, the time interval of the output 
pulse of the photo sensor 21 which is a value substituting for 
the rotational speed of the rotary work lifter detected by the 
speed detecting means 31 is compared with a predetermined value 
tl by which the rotary work lifter or the like is not finally 

10 destructed at the speed determining portion 33 to determine 
whether the rotary work lifter is normally rotated (step S03) . 
When the speed of the rotary work lifter is equal or larger 
than a predetermined speed, that is, when the time interval 
of the output pulse of the speed detecting means 31 becomes 

15 equal to or smaller than the predetermine value tl, it is 
determined that the rotary work lifter is rotated without a 
problem and step S02 is executed again. When the proximity 
sensor 20c is made ON, it is determined that the rotary work 
lifter 1 can be rotated to the position of lifting the work 

20 without a hindrance of pinching the work piece or the like, 
successively, it is determined whether the position of carrying 
out and in the work is reached by whether the proximity sensor 
20a is made ON at the position determining portion 35 (step 
S04) . During a time period until the proximity sensor 20a is 

25 made ON at step S04, the time interval of the output pulse of 
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the photo sensor 21 constituting the value substituting for 
the rotational speed of the rotary work lifter detected by the 
speed detecting means 31 is compared with a predetermined value 
t2 by which the rotary work lifter or the like is not finally 
5 destructed at the speed determining portion 33 to determine 
whether the rotary work lifter is normally rotated (step SOS) . 
When the speed of the rotary work lifter becomes equal to or 
larger than a predetermined speed, that is, when the time 
interval of the output pulse of the speed detecting means 31 

10 becomes equal to or smaller than the predetermined value t2, 
it is determined that the rotary work lifter is rotated without 
a problem and step S04 is executed again. When the proximity 
sensor 20a is made ON and it is determined that the rotary work 
lifter 1 reaches the position of carrying out and in the work 

15 at the position determiningportion 35, the position determining 
portion 35 outputs the stop signal to the drive source control 
portion 30 to stop rotating the rotary work lifter (step S06) . 

At step S03, when the speed determining portion 33 
determines that the rotational speed of the rotary work lifter 

20 becomes less than the predetermined speed, that is, the time 
interval of the output pulse of the speed detecting means 31 
becomes larger than the predetermined value tl, there is a 
possibility of interrupting rotation of the rotary work lifter 
by pinching the work piece or the like and therefore, the speed 

25 determining portion 35 outputs the stop signal to the drive 
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source control portion 30 to stop rotating the rotary work lifter 
(stepS07) . When the rotary work lifter is stopped/ the operator 
of the working machine confirms cause of hindrance against 
rotation of the rotary work lifter and when the hindrance is 
caused by pinching the work piece, the operator removes the 
work piece and when the hindrance is caused otherwise, the 
operator pertinently removes the hindrance (step 308) . After 
operation of removing the hindrance of removing the work piece 
or the like by the operator, the operator inputs instruction 
to the drive source control portion 30 to rotate the rotary 
work lifter again to the position of carrying out and in the 
work (step S09) . Thereafter, the series of operation is 
executed again from step S02. 

At step 305, when the speed determining portion 33 
determines that the rotational speed of the rotary work lifter 
becomes less than the predetermine speed, that is, the time 
interval of the output pulse of the speed detecting means 31 
becomes larger than the predetermined value t2, there is a 
possibility of interrupting rotation of the rotary work lifter 
by a hindrance of pinching the work piece or the like or others 
and therefore, the speed determining portion 35 outputs the 
stop signal to the drive source control portion 30 to stop 
rotating the rotary Work lifter (step 517) . When the rotary 
work lifter is stopped, the operator of the working machine 
confirms cause of a hindrance against rotation of the rotary 
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work lifter and when the hindrance is caused by pinching the 
work piece, the operator removes the work piece and when the 
hindrance is caused otherwise, the operator pertinently removes 
the hindrance (step S18) . After operation of removing the 
5 hindrance of removing the work piece by the operator, the 
operator inputs instruction to the drive source control portion 
30 to rotate the work lifter again to the position of carrying 
out and in the work (step S19) . Thereafter, the series of 
operations is executed again from step S04. 

10 Here, in a range of rotating the rotary work lifter 2 

for lifting the work 3 by the rotary work lifter 1, that is, 
during a time period until the proximity sensor 20a is made 
ON after making the proximity sensor 20c ON, in comparison with 
a time period until the proximity sensor 20c is made ON, a load 

15 on the rotary actuator 8 is increased by the mass of the work 
3 and the rotational speed of the rotary work lifter 1 is retarded. 
Therefore, it is preferable to establish tl < t2, that is, to 
constitute a speed determining value when the work is lifted 
slower than that when the work is not lifted. Naturally, tl 

20 = t2 may be established and the speed may be determined by a 
constant value during a time period of rotating the rotary work 
lifter 1 from the position in working to the position in carrying 
out and in the work, however, the determinant cannot be set 
to a speed faster than the rotational speed in lifting the work. 

25 Because when the work is lifted, the rotation is stopped by 
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the determining portion. Meanwhile, when the determinant is 
set by constituting a reference by the slow speed in lifting 
the work, it is also conceivable that in a comparatively fast 
range of the rotational speed in which the work is not lifted, 
5 a time period of reaching destruction by pinching the work piece 
or the like is short and the destruction is brought about before 
determining that the rotational speed is retarded to the speed 
of the determinant and therefore, it is preferable to set 
respectively pertinent determinants in the range of the fast 

10 speed and in the range of the slow speed. 

Further, although here, the rotational speed is detected 
by the time interval of the output pulse of the photo sensor, 
the invention is not particularly limited to the time interval 
of the output pulse so far as a value capable of substituting 

15 for the speed is present, the determination may be executed 
by a true speed value by calculating the speed from the time 
interval, otherwise, for example, a number of pulses during 
a constant period of time for outputting pulses may be counted. 

The invention can stop operating the rotary work lifter 

20 when rotation is interrupted by pinching the work piece or the 
like between the rotary work lifter and the working table or 
the like, or when rotation is interruptedby some other influence 
by providing the detecting means and the determining portion. 
Therefore, it can be prevented that the drive source continues 

25 generating the torque even after interrupting rotation of the 



rotary work lifter and the rotary work lifter or the working 
table or the like is finally destructed as in the background 
art. Further, since destruction of the rotary work lifter, 
the working table or the like can be prevented, expense and 
5 time required for repair in destruction can be reduced and a 
reduction in cost of operating the working machine and promotion 
of a working efficiency can be realized. 

Further, although according to Embodiment 1, the drive 
source of the rotary work lifter 1 is constituted by the rotary 

10 actuator 8, the drive source may be constituted by a combination 
of a straight moving cylinder constituting a power source by 
fluid pressure and rack & pinion or a motor constituting a power 
source by electricity. 

Further, although according to Embodiment 1, means for 

15 detecting the situation of rotating the rotary work lifter 2 
at any time is constituted by the combination of the photo sensor 
21 and light chopper 19, a similar effect is achievedby attaching 
a rotary encoder to the rotating shaft 17 of the rotary actuator 
and detecting and comparing a time interval of a pulse outputted 

20 from the rotary encoder. 

Further, although according to Embodiment 1, the means 
for detecting the situation of rotating the rotary work lifter 
1 at any time it is attached to the rotary actuator 8, the means 
may be attached to the rotating shaft of the rotary work lifter 

25 1 . In this case, the determinants tl and t2 of the time interval 
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of the output pulse of the photo sensor 21 need to be changed 
pertinently in view of a relationship of a gear ratio of the 
sprocket 9 and the sprocket 6. 

Meanwhile, although according to Embodiment 1, an 
5 explanation has been given of the constitution of the rotary 
work lifter according to the invention by taking an example 
of a case of rotating the rotary work lifter from the position 
in working to a position in carrying out and in the work, naturally, 
also when the rotary work lifter is rotated from the position 

10 in carrying out and in the work to the position in working the 
work, a quite similar effects is naturally achieved by 
constructing the similar constitution and executing the similar 
control. Although an explanation will be given by taking an 
example of a case in which the rotary work lifter is rotated 

15 from the position in working to the position in carrying out 
and in the work also in the following embodiments, an effect 
similar to the above-described is achievedby rotating the rotary 
work lifter in a reverse direction. 

2 0 Embodiment 2 

Whereas according to Embodiment 1, the situation of 
rotating the rotary work lifter is detected by the combination 
of the light chopper and the photo sensor, according to 
Embodiment 2, the situation of rotating the rotary work lifter 

25 is detected by a rotational load of the rotary work lifter. 



Embodiment 2 is constructed by a constitution substantially 
the same as that of Embodiment 1 with regard to Fig. 1 and Fig. 2. 
Fig. 8 shows a rotary work lifter according to Embodiment 2 for 
embodying the invention and is a front view of detecting means 
5 at a rotational position of the rotary work lifter viewed from 
a direction similar that of Fig. 4 of Embodiment 1. Fig. 9 is 
a side view of means for detecting the rotational position and 
the rotational load in the rotary work lifter viewed from a 
direction similar to that of Fig. 5 of Embodiment 1. Fig. 10 
10 is a block diagram showing a control portion of the rotary work 
lifter according to Embodiment 2 for embodying the invention. 
Fig. 11 is a flowchart showing a control method of the control 
portion. 

In Fig. 8 and Fig. 9, the rotating shaft 17 and the sprocket 
15 9 of the rotary actuator 8 are connected via a torque sensor 
25, and the proximity sensor dog 18 is attached to the side 
opposed to the side connected with the sprocket 9 of the rotating 
shaft 17 similar to Embodiment 1 and is rotated along with the 
rotating shaft 17. However, according to the embodiment, the 
20 light chopper 19 is not provided. At the surrounding of the 
proximity sensor dog 18, the three proximity sensors 20a, 20b, 
20c positions of which are fixed are arranged on the rotational 
circumference of the proximity sensor dog 18 at the positions 
similar to those of Embodiment 1. 
25 The effect of the proximity sensors 20a, 20b, 20c is 
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similar to that of Embodiment 1. As an effect of the torque 
sensor 23, the torque generated by the rotary actuator 8 can 
be detected at any time as a load for rotating the rotary work 
lifter 1. 

5 As described above, in the case in which it is detected 

that the torque generated by the rotary actuator 8 is abnormally 
increased until the rotary work lifter 1 reaches the position 
at which the work 3 starts rising as shown by Fig.3C from a 
position in working shown in Fig.SB, that is, the proximity 

10 sensor dog 18 shown in Fig* 4 reaches the position of the proximity 
sensor 20c from the position of the proximity sensor 20b by 
detecting the torque of the rotary actuator 8 constituting the 
drive source of the rotary work lifter 1 at any time while 
detecting the position of the rotary work lifter 1 by the 

15 proximity sensors 20a, 20b, 20c, it can be regarded that there 
is a high possibility of abnormally increasing the load for 
rotating the rotary work lifter 1 by pinching the work piece 
between the free bearing Ic or the spacer Id and the work support 
attaching plate lb or the chute 16. Therefore, in such a case, 

20 operation of the rotary work lifter 1 needs to stop at an early 
stage . 

Naturally, it is preferable to detect the situation of 
rotating the rotary work lifter 1 at any time until the rotary 
work lifter 1 reaches the position of carrying out and in the 
25 work 3 shown in Fig.3A from the position at which the work 3 



starts rising shown in Fig.3C, that is, the proximity sensor 
dog 18 shown in Fig. 4 reaches the position of the proximity 
sensor 20a from the position of the proximity sensor 20c similar 
to Embodiment 1 . 
5 Next/ an explanation will be given of control of the rotary 

work lifter according to Embodiment 2 for embodying the 
invention. 

In Fig. 9, the rotary actuator 8 constituting a drive source 
of the rotary work lifter 1 is controlled to operate to start 

10 rotating, stop rotating, changing the rotational direction or 
the like by the drive source control portion 30. The rotary 
actuator 8 is connected with the above-described torque sensor 
25 as loaddetectingmeans 37 for detecting operation of rotating 
the rotary actuator 8. An output of the torque sensor 25 is 

15 transmitted to a load determining portion 38 to compare with 
a set value at the load determining portion 38 to thereby 
determine whether rotation of the rotary work lifter is stopped, 
and when the rotation is stopped, a stop signal is transmitted 
to the drive source control portion 30 and the drive source 

20 control portion 30 stops rotating the rotary actuator. 
Meanwhile, with regard to the position detecting means 34 and 
the position determining portion 35 with regard to the rotational 
position of the rotary actuator 8, constitutions similar to 
those of Embodiment 1 are constructed. 

25 A flow of control of the rotary work lifter according 
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to Embodiment 2 is substantially similar to that of Embodiment 
1. A point of difference will be explained in reference to 
Fig. 11- Although according to Embodiment 1, the situation of 
rotating the rotary work lifter is determined at steps S03 and 
5 S05, according to Embodiment 2, instead of the step S03, new 
steps S23 and S25 are executed. 

In Fig. 11, during a time period until the proximity sensor 
20c is made ON at step S02, the load of operation of rotating 
the rotary work lifter detected by the load detecting means 

10 37 is compared with a predetermined load Tl by which the rotary 
work lifter or the like is not finally destructed at the load 
determining portion 38 to thereby determine whether the rotary 
work lifter is normally operated (step S23) . When the load 
is equal to or smaller than the predetermined load Tl, it is 

15 determined that the rotary work lifter is operated without a 
problem to execute step S02 again. When the load determining 
portion 38 determines that the load operating to rotate the 
rotary work lifter exceeds the predetermined load Tl at step 
S23, there is a possibility that an abnormal load is generated 

20 by interrupting rotation of the rotary work lifter by pinching 
the work piece or the like and therefore, the load determining 
portion 38 outputs a stop signal to the drive source control 
portion 30 to stop rotating the rotary work lifter (step S07) . 

During a time period until the proximity sensor 20a is 

25 made ON at step S04, the load of operating to rotate the rotary 
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work lifter detected by the load detecting means 37 is compared 
with a predetermined load T2 by which the rotary work lifter 
or the like is not finally destructed at the load determining 
portion 38 to determine whether the rotary work lifter is 
5 normally operated (step S25) . When the load is equal or smaller 
than the predetermined load T2, it is determined that the rotary 
work lifter is operated without a problem to execute step S04 
again. When the load determining portion 38 determines that 
the load of operating to rotate the rotary work lifter exceeds 

10 the predetermined load T2 at step 325, there is a possibility 
that an abnormal load is generated by interrupting rotation 
of the rotary work lifter by hindrance of pinching the work 
piece or the like and therefore^ the load determining portion 
38 outputs the stop signal to the drive source control portion 

15 38 to stop rotating the rotary work lifter (step S17) . 

The other steps are similar to those of Embodiment 1. 
Here, in a range of rotating the rotary work lifter 2 
for making the work 3 rise by the rotary work lifter 1, that 
iS/ during a time period until the proximity sensor 20a is made 

20 ON after the proximity sensor 20c is made ON, in comparison 
with a time period until the proximity sensor 20c is made ON, 
the load on the rotary actuator 8 is increased by the mass of 
the work 3 and therefore, it is preferable to establish Tl < 
T2, that is, to constitute a load determinant when the work 

25 piece is made to rise higher than that when the work is not 
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made to rise. Naturally, Tl = T2 may be established and the 
speed may be determined by a constant value during a time period 
until the rotary work lifter 1 is rotated to the position in 
carrying out and in the work from the position in working, the 
5 determinant cannot be set to a load smaller than a load when 
the work is lifted. Because when the work is lifted, rotation 
is stopped by the determining portion. Meanwhile, when the 
determinant is set by constituting a reference by a large load 
in lifting the work, there is also conceivable a case in which 

10 in a range in which a load when the work is not lifted is 
comparatively small, the rotary work lifter is rotated by a 
load smaller than the determinant to destruct. For example, 
although in lifting the work, the load is applied by dispersing 
the weight of the work to a plurality of the rotary work lifters 

15 and therefore, the total load is large, a load on the individual 
rotary work lifter does not finally destruct the individual 
rotary work lifter. However, when the load is generated only 
on the single rotary work lifter as shown by Fig. 3D, there is 
conceivable a case in which even when the load which finally 

20 destructs the rotary work lifter is generated, as a load of 
a total of the rotary work lifters, such a load is equal to 
or smaller than a load in lifting the work. Therefore, it is 
preferable to set respective pertinent determinants in a range 
of a large load and a range of a small load. 

25 Embodiment 2 can achieve an effect similar to that of 



Embodiment 1 by substituting the load setting means and the 
load determining portion respectively for the speed detecting 
means and the speed determining portion according to Embodiment 
1. 

5 Further, a direct cause of destructing the rotary work 

lifter or the working table is the load, and even when the load 
is, for example, a load which does not destruct the rotary work 
lifter or the like, there is also a possibility of retarding 
the speed of the rotary work lifter more than the determinant- 

10 For example, in the case of the rotary actuator, when fluid 
pressure of the power source is low, there is a possibility 
of generating the above-described situation. In such a case, 
when the determination is carried out by the rotational speed, 
the rotation is stopped regardless of destruction and loss time 

15 of operation is brought about. Therefore, by detecting not 
the rotational speed of the rotary work lifter but the load, 
an operational efficiency can be promoted more than that of 
Embodiment 1 . 

Further, although according to Embodiment 2, the torque 
20 sensor 25 is attached to the rotary actuator 8, the torque sensor 
25 may be attached to the rotating shaft of the rotary work 
lifter 1 other than that of the rotary actuator 8. 

Further, although according to Embodiment 2, means for 
detecting the load for rotating the rotary work lifter 1 is 
25 constituted by the torque sensor 25, in the case of the rotary 
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actuator 8 constituting the power source by fluid pressure of 
air pressure or oil pressure, when the load for rotating the 
rotary work lifter 1 is increased, the fluid pressure of the 
power source is increased and therefore, a pressure sensor for 
5 detecting the fluid pressure may be made to constitute means 
for detecting the load for rotating the rotary work lifter 1. 
Further, when a motor constituting the power source by 
electricity is made to constitute the drive source of the rotary 
work lifter 1, when the load for rotating the rotary work lifter 

10 1 is increased, a current value thereof is increased and 
therefore, an ammeter for detecting the current may constitute 
means for detecting the load for rotating the rotary work lifter 
1 . In these cases, when the pressure sensor detects an abnormal 
increase in pressure, or when the ammeter detects an abnormal 

15 increase in current, there is a high possibility of abnormally 
increasing the load for rotating the rotary work lifter 1 by 
pinching the work piece or the like and by stopping to operate 
the rotary work lifter 1 by a flow similar to that of Fig. 11, 
an effect similar to that df Embodiment 2 is achieved. 

20 

Embodiment 3 

Meanwhile, the light chopper 19 adopted in Embodiment 
1 is provided with the slits at equal intervals and therefore, 
the rotary actuator 8 is rotated by a constant angle at each 
25 output pulse of the photo sensor 21 and the rotational angle 



of the rotary actuator 8, that is, the rotational angle of the 
rotary work lifter 1 can be detected from a number of times 
of the output pulses of the photo sensor 21 at any time. 
Therefore, operation of both of the speed detecting means and 
5 the position detecting means can be carried out by the photo 
sensor 21. 

Fig. 12 shows a rotary work lifter according to Embodiment 
3 for embodying the invention and is a front view of means for 
detecting a rotational position and a rotational speed of a 

10 rotary work lifter viewed from a direction similar to that of 
Fig. 4 of Embodiment 1. Fig. 13 is a side view of the means for 
detecting the rotational position and the rotational speed of 
the rotary work lifter viewed from a direction similar to that 
of Fig .5 of Embodiment 1. Fig. 14 is a block diagram showing 

15 a control portion of the rotary work lifter according to 
Embodiment 3 for embodying the invention. Fig. 11 is the 
flowchart showing a control method of the control portion. 

In Fig . 12 and Fig . 13, a side opposed to a side of attaching 
the sprocket 9 of the rotating shaft 17 of the rotary actuator 

20 8 is attached with the proximity sensor dog 18 and the light 
chopper 19 similar to Embodiment 1 and is rotated along with 
the rotating shaft 17 . At a surrounding of the proximity sensor 
dog 18, only a single one of the proximity sensor 20b the position 
of which is fixed is arranged at a location similar to that 

25 of Embodiment 1. Further, the photo sensor 21 is arranged 
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similar to Embodiment 1 by fixing a position thereof to interpose 
the light chopper 19. 

By such a constitution, as the effects of the light chopper 
19 and the photo sensor 21, by detecting the time interval of 
5 the output pulse of the photo sensor 21 similar to Embodiment 
1, the rotational speed of rotary work lifter 1 can be detected. 
Further, according to Embodiment 3, the rotational angle of 
the rotary work lifter can be detected by counting a number 
of output pulses of the photo sensor 21 . However, only an amount 

10 of changing the angle is known by only counting the number of 
the output pulses and therefore, an original point needs to 
detect for determining an absolute position . This is the effect 
of the proximity sensor 20b. The proximity sensor 20b is made 
ON when a rotary work lifter 1 is disposed at the position in 

15 working shown in Fig.3B and therefore, the absolute position 
can be determined by constituting the original point by the 
position and resetting counting of the number of pulses at the 
position. 

As described above, by determining the position of the 
20 original point of the rotary work lifter 1 by the proximity 
sensor 20b, detecting the rotational speed and the change in 
the rotational angle of the rotary work lifter 1 by the photo 
sensor 21 at any time, and determining the absolute position 
by the change in the angle from the position of the original 
25 point, until the rotary work lifter 1 starts to make the work 
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3 rise from the position in working, or until the rotary work 
lifter 1 reaches the position of carrying out and in the work 
from the position at which the rotary work lifter 1 starts to 
make the work 3 rise, it can be detected that rotation of the 
5 rotary actuator 8 is interrupted from the time interval of the 
output pulse of the photo sensor 21. In such a case, it can 
be regarded that there is a high possibility of interrupting 
rotation of the rotary work lifter 1 by pinching the work piece 
or the like and therefore, the operation of the rotary work 
10 lifter 1 needs to stop at an early stage. 

Next, an explanation will be given of control of the rotary 
work lifter according to Embodiment 3 for embodying the 
invention . 

In Fig. 14, the rotary actuator 8 constituting the drive 
15 source of the rotary work lifter 1 is controlled to operate 
to start rotating, stop rotating, switching the rotational 
direction or the like by the drive source control portion 30. 
The speed detecting means 31 and the speed determining portion 
33 with regard to the rotational speed of the rotary actuator 
20 8 are constructed by constitutions similar to those of Embodiment 
1. Meanwhile, position detecting means 34 with regard to the 
rotational position of rotary actuator 8 serves also as the 
light chopper 19 and the photo sensor 21 constituting the speed 
detecting means 31 and is constituted by the light chopper 19, 
25 the photo sensor 21 and a counter 37 for counting a number of 
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output pulses of the photo sensor 21. Further, the position 
of the original point is detected by making the proximity sensor 
20b ON and the count number of the counter 21 is reset when 
the proximity sensor 20b is made ON, A number of counting the 
5 counter 21 by rotating the rotary work lifter after resetting 
coincide with the amount of changing the angle from the position 
of the original point and therefore, the value is outputted 
to the position determining portion 35 to determine whether 
the predetermined position is reached by the position 

10 determining portion 35, For example, when a number of pulses 
counted when the rotary work lifter is rotated from the original 
point, that is, the position of Fig . 3B to the position of Fig. 3C 
is nl, whether the position of Fig. 3C is reached can be determined 
by whether a niimber of output pulses reaches nl Further, when 

15 the rotary actuator 8 is rotated reversely by instruction of 
the drive source control portion 30, by controlling the counter 
21 by the drive control portion 30 such that the counter 21 
counts the pulses by reducing the count number, the absolute 
position can always be detected even when the rotary actuator 

20 8 is rotated reversely. 

A flow of control of the rotary work lifter according 
to Embodiment 3 is basically similar to that of Embodiment 1. 
A point of difference will be explained in reference to Fig. 15 . 
Although according to Embodiment 1, the rotational angle of 

25 the rotary work lifter is determined at steps S02, S04, according 



to Embodiment 2, in place of the steps S02, S04, new steps S32, 
S34 are executed. 

In Fig. 15, the position determining portion 35 determines 
whether the rotary work lifter 1 reaches the position of lifting 
5 the work by whether the count number of the counter 37 
constituting the position detecting means 31 becomes equal to 
or larger than the count number nl until reach the position 
of capable of lifting the work from the original point (step 
S32 ) . During a time period until the count nun±>er becomes equal 

10 to or larger than nl at step S32, the time interval of the output 
pulse of the photo sensor 21 constituting a value substituting 
for the rotational speed of the rotary work lifter detected 
by the speed detecting means 31 is compared with the 
predetermined value tl by which the rotary work lifter or the 

15 like is not finally destructed at the speed determining portion 
33 to determine whether the rotary work lifter is normally 
rotated (step S03) . When the speed of the rotary work lifter 
becomes equal to or larger than the predetermined speed, that 
is, the time interval of the output pulse of the speed detecting 

20 means 31 becomes equal to or smaller than the predetermine value 
tl, it is determined that the rotary work lifter is rotated 
without a problem to execute again step S32. When the count 
number of the counter 37 becomes equal to or larger than nl, 
it is determined that the rotary work lifter 1 can be rotated 

25 to the position of capable of lifting the work without a hindrance 
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of pinching the work piece or the like, successively, it is 
determined whether the position of carrying out and in the work 
is reached, by whether the count number of the counter 37 becomes 
equal to or larger than a count number n2 until reaching the 
5 position of carrying out and in the work from the original point 
by the position determining portion 35 (step S34) . During a 
time period in which the count number of the counter 37 becomes 
equal to or larger than n2 at step S34, the time interval of 
the output pulse of the photo sensor 21 constituting a value 

10 substituting for the rotational speed of the rotary work lifter 
defected by the speed detecting means 31 is compared with the 
predetermined value t2 by which the rotary work lifter or the 
like is not finally destructed at the speed determining portion 
33 to determine whether the rotary work lifter is normally 

15 rotated (step S05) . The other steps are similar to those of 
Embodiment 1 . 

The Embodiment 3 can be operated as the position detecting 
means by serving also as the photo sensor used in the speed 
detecting means of Embodiment 1 and counting the output pulse 
20 of photo sensor and an effect similar to that of Embodiment 
1 can be achieved. 

Further, although according to Embodiment 1, the position 
is detected by the proximity sensor, the proximity sensor can 
determine only the position of arranging the proximity sensor. 
25 When the proximity sensor is intended to determine other position, 
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arrangement of the proximity sensor needs to change . Meanwhile, 
in the case of Embodiment 3, an arbitrary position can be set 
by only changing the count number to be determined and the 
detecting position can simply be changed in comparison with 
5 that of Embodiment 1 . 

Although according to Embodiment 3, the position is 
detected and the speed is detected by counting the pulse number 
of the output pulse of the photo sensor 21 and measuring a time 
interval of the pulse, a similar effect is achieved by processing 

10 an output pulse of a rotary encoder attached to the rotating 
shaft 17 similarly. Further, there may be constructed a 
constitution by a proximity sensor dog attached to the rotating 
shaft 17 and a number of proximity sensors arranged at constant 
angles to fix onto a circumference. In such a case, a speed 

15 can be detectedby a time interval of making contiguous proximity 
sensors ON and a position can be detected by which proximity 
sensor is made ON. 

Embodiment 4 

2 0 According to Embodiment 1, when the rotary work lifter 

1 is stopped by pinching the work piece or the like, the working 
machine operator removes the work piece 15 or the like 
constituting the hindrance against rotating the rotary work 
lifter 2 to operate the rotary work lifter 2 to rotate again 

25 to the position of carrying out and in the work. In this case. 
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operation of removing the hindrance of the working piece or 
the like by the working machine operator is always needed to 
constitute a hindrance against automatic working. It is an 
object of Embodiment 4 to reduce the hindrance. 
5 A block diagram showing a control portion of the rotary 

work lifter according to Embodiment 4 is similar to Fig. 6. 
Fig. 16 is a flowchart showing a control method of the control 
portion. 

According to Embodiment 4, a processing of stopping the 

10 rotary work lifter 1 by pinching the work piece is as follows. 

When the rotary work lifter 1 is stopped in the midst 
of rising, the rotary work lifter 1 is reversely rotated by 
a predetermined time period to stop. The rotary work lifter 
1 is regularly rotated again to try to continue to rotate. When 

15 the work lifter 1 is stopped again, a series of operation of 
inversely rotating, stopping and regularly rotating is carried 
out again. The cycle is carried out by a predetermined number 
of times, and in the case in which the rotary lifter 1 is stopped 
in the midst of rising even when the cycle is carried out by 

20 the predetermined number of times, a post processing similar 
to that of Embodiment 1 is executed. 

Next, an explanation will be given of control of the rotary 
worklifter according to Embodiment 4 for embodying the invention. 
A flow of control of the rotary work lifter according to 

25 Embodiment 4 is basically similar to that of Embodiment 1. A 
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point of difference will be explained in reference to Fig. 16. 

In Fig. 16, before step SOI, variables m, n for holding 
numbers of times of stopping the rotary work lifter 1 by the 
drive source control portion 30 are set and the numbers of times 
5 are reset to 1 (step S40) . At step S07, after the speed becomes 
equal to or smaller than the determinant and stops until the 
rotary work lifter 1 lifts the work, the drive control portion 
30 determines whether the number n of times of stopping becomes 
equal to or larger than a set value N (step S41) . When the 

10 number n of times of stopping is less than the set value N, 
the drive control portion 30 increases the number n of times 
of stopping by 1 (stepS42). Further, the drive control portion 
30 inversely rotates the rotary work lifter by a predetermined 
time period (step S43) and stops the rotary work lifter 1 after 

15 the predetermined time period. Thereafter, the rotary work 
lifter 1 is rotated again from step S09. 

The steps S42 through step S44 are repeated as described 
above by a certain number of times and when the drive source 
control portion 30 determines that the number n of times of 

20 stopping becomes equal to or larger than the set value N at 
step S41, step SOS is executedby issuing an alarm to the operator 
to carry out processings similar to those of Embodiment 1. 

After the rotary work lifter 1 lifts the work at step 
S17 and after the speed becomes to equal to or smaller than 

25 the determinant to stop the rotary work lifter 1 until the 
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position in carrying out and in the work is reached, the drive 
control portion 30 determines whether the number m of times 
of stopping becomes equal to or larger than a set value M (step 
S45) . When the number m of times of stopping is less than the 
set value M, the drive control portion 30 increases the number 
m of times of stopping by 1 (step S4 6) . Further, the drive 
control portion 30 rotates the rotary work lifter reversely 
by a predetermined time period (step S47) and stops the rotary 
work lifter 1 after the predetermined time period (step S48) . 
Thereafter, the rotary work lifter 1 is rotated again from step 
S19. 

When step S46 through step S48 are repeated by a certain 
number of times as described above, and the drive source control 
portion 30 determines that the number m of times of stopping 
becomes equal to or larger than the set value M at step S45, 
step SI 8 is executed by issuing an alarm to the operator to 
carry out processings similar to those Embodiment 1 . The other 
steps are similar to those of Embodiment 1. 

Although an explanation has been given here such that 
according to Embodiment 4, the rotary work lifter is rotated 
reversely by the certain time period at step S43 and S47, the 
rotary work lifter may be rotated reversely by, for example, 
a predetermined angle . With regard to the predetermined angle, 
a position which can be detected by the position detecting means 
may pertinently be set. Further, there is conceivable a 
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situation in which the rotary work lifter cannot even be rotated 
reversely by pinching the work piece and therefore, it is 
preferable to detect the rotational speed of the rotary work 
lifter even in reversely rotating the rotary work lifter. 
5 By adopting the above-described processing, in the case 

in which the work piece is easy to deform or in the case of 
a state in which the work piece is pinched to a degree by which 
the work piece can simply be detached, there is a possibility 
that the work piece can be deformed not to constitute a hindrance 

10 by bringing the rotary work lifter 1 in touch with the work 
piece by several times, or the work piece can be excluded to 
a location at which the work piece does not constitute a hindrance, 
and a time period of manual operation of the operator can be 
reduced, that is, the hindrance against automatic working can 

15 be reduced. 

Further, although Embodiment 4 constitutes a basis 
thereof by Embodiment 1, a similar effect is achieved by adding 
Embodiment 4 to the rotary work lifter described in Embodiment 
2 or Embodiment 3 . 

20 

Industrial Applicability 

As described above, the rotary work lifter and the working 
machine according to the invention are suitable for being used 
particularly by a plate material working machine of a laser 
25 working machine, a gas cutting machine, a plasma cutting machine 
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or the like and plate material working. 
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